Cell wall and membrane subfractions of the cell envelope of Escherichia coli have been isolated by a procedure involving particle electrophoresis and sucrose gradient density centrifugation. The lipid content of each fraction has been investigated. The individual phospholipids of both fractions are quantitatively similar except that the proportion of lysophosphatidylethanolamine is greater in the wall than in the membrane. Fatty acid analysis of the phospholipids of each fraction revealed that the wall phospholipids contain a greater proportion of palmitic acid. Coenzyme Q is almost exclusively localized in the cell membrane.
Present evidence indicates that the cell envelope of Escherichia coli contains two membranous components, the cell wall and the cytoplasmic membrane (15) . To pursue questions dealing with compositional differences in these two membranes, as well as the mechanism of assembly of them, it was necessary to develop convenient techniques for their separation. Recently, suitable procedures for this separation have been developed (13, 17) . Thus, Schnaitman was able to show marked compositional differences in the membranous wall and the cytoplasmic membrane fraction: the wall was relatively rich in lipopolysaccharide, whereas the cytoplasmic membrane contained succinic dehydrogenase and other respiratory enzymes (17) . In addition, marked qualitative differences were observed in the protein composition of the wall and the membrane. However, prior to this study little or no information was available-on the lipid composition of the two fractions. The primary aim of this investigation was to define the composition of the phospholipids of the wall and the membrane subfractions of the cell envelope.
MATERIALS AND METHODS Materials. Coenzyme (6) . Neutral lipid was separated from phospholipid by loading the total extract on a column (5 by 1 cm) of silicic acid packed in chloroform and eluting with 15 ml of chloroform. Phospholipids were eluted with 15 ml of chloroform-methanol-water (1:1:0.2). Qualitative analyses of phospholipid fractions were performed on silicic acidimpregnated paper developed at 22 C for 12 to 20 hr in diisobutylketone-acetic acid-water (40:30:3) and by thin-layer chromatography on Silica Gel H (0.4 mm thick) containing 1 mm sodium tetraborate and developed with chloroform-methanol-water (95:35: 5). Phospholipids were identified in these systems by comparison with authentic standards. For quantitative analysis of phospholipids, approximately 350 pmoles of lipid phosphorus was applied to the thinlayer plates, and after development the phospholipids were detected and assayed as described previously (19) .
For fatty acid analysis, samples of each phospholipid fraction were deacylated by alkaline hydrolysis and the fatty acids were methylated with diazomethane. Analysis of the fatty acid esters was carried out at 175 C on a 6-ft column (ca. Breakage of cells and isolation of envelope subfractions. The cultures were harvested and resuspended in 10 mm N-2-hydroxyethylpiperazine-N'-2'-ethane sulfonic acid (HEPES) buffer, pH 7.4, and treated with a blendor to remove extraneous cellular material (16 Results on the distribution of G4C-galactose and of succinic dehydrogenase in the envelope subfractions after the particle electrophoresis step and after the sucrose gradient purification are summarized in Table 1 . There was little cross contamination of wall and membrane as indicated by the low succinic dehydrogenase activity in the cell wall fraction and the low '4C-galactose label in the cytoplasmic membrane fraction. The combined fractionation on the basis of surface charge (particle electrophoresis) and density yielded much purer fractions than were previously obtained by gradient centrifugation alone, although the results are qualitatively identical (17) . Because only the peak tubes of each fraction were combined during Fig. 1 on October 25, 2017 by guest http://jb.asm.org/ Downloaded from purification, the final yield of both cell wall and cytoplasmic membrane was about 20% as based on the succinic dehydrogenase and 14C-galactose present in the envelope fraction after breakage in the French pressure cell. However, there was no appreciable loss of total lipid, succinic dehydrogenase activity, or lipopolysaccharide during the fractionation procedure.
In Table 2 a more extensive study of the composition of the purified wall and membrane fraction is shown. Of particular interest was the finding that the distribution of coenzyme Q, a component of the respiratory chain, paralleled that of succinic dehydrogenase; both were almost exclusively found in the inner membrane. Also evident is a marked difference in the ratio of phospholipid to protein in the two fractions, the ratio in the membrane fraction being almost twice that found in the wall. 14C-galactose, in lipopolysaccharide was largely confined to the wall. Total fatty acid analysis of the fractions revealed that 0-hydroxymyristic acid, a component thought to be specific for lipopolysaccharide (3), comprised Table  3 reveal that the phospholipids in both fractions are qualitatively identical; phosphatidylethanolamine (PE) and phosphatidylglycerol (PG) are the major components. One quantitative difference was observed: the level of lysophosphatidylethanolamine was much higher in the wall than in the membrane, with commensurate differences in the level of PE in the two fractions. However, it should be noted that these differences may not obtain in vivo since preliminary studies indicate the presence of a phospholipase in the crude envelope.
Fatty acid analysis of the total phospholipids of each fraction shown in Table 4 revealed only one noteworthy difference: the proportion of palmitic acid was significantly higher in the phospholipids of the wall than in those of the membrane. As expected, when the fatty acids of the individual phospholipids, PE and PG, were analyzed, similar compositional differences were observed.
In summary, except for the differences noted above, these results reveal that, although the phospholipid content per milligram of cytoplasmic membrane protein is almost twice that of the wall, the phospholipid composition of both is very similar. Recent studies in E. coli (White et al., in press) as well as in Salmonella sp. (Bell et al., in press) have shown that, with the possible exception of cytidine diphosphate -diglyceride: L -serine phosphatidyl transferase, the enzymes involved in biosynthesis of the wall and membrane phospholipids are localized in the membrane. Thus, the finding of a relatively symmetric compositional distribution of the phospholipids in the wall and membrane fraction and an asymmetric distribution of enzymes responsible for their synthesis poses interesting questions concerning the mechanism of transfer of phospholipids synthesized in the membrane to the wall.
